Background: Multiple barriers may inhibit the adoption of clinical interventions and impede successful implementation. Use of standardised methods to prioritise barriers to target when selecting implementation interventions is an understudied area of implementation research. The aim of this study was to describe a method to identify and prioritise barriers to the implementation of clinical practice elements which were used to inform the development of the T 3 trial implementation intervention (Triage, Treatment [thrombolysis administration; monitoring and management of temperature, blood glucose levels, and swallowing difficulties] and Transfer of stroke patients from Emergency Departments [ED]). Methods: A survey was developed based on a literature review and data from a complementary trial to identify the commonly reported barriers for the nine T 3 clinical care elements. This was administered via a web-based questionnaire to a purposive sample of Australian multidisciplinary clinicians and managers in acute stroke care. The questionnaire addressed barriers to each of the nine T 3 trial clinical care elements. Participants produced two ranked lists: on their perception of: firstly, how influential each barrier was in preventing clinicians from performing the clinical care element (influence attribute); and secondly how difficult the barrier was to overcome (difficulty attribute). The rankings for both influence and difficulty were combined to classify the barriers according to three categories ('least desirable', desirable' or 'most desirable' to target) to assist interpretation. Results: All invited participants completed the survey; (n = 17; 35% medical, 35% nursing, 18% speech pathology, 12% bed managers). The barriers classified as most desirable to target and overcome were a 'lack of protocols for the management of fever' and 'not enough blood glucose monitoring machines'. Conclusions: A structured decision-support procedure has been illustrated and successfully applied to identify and prioritise barriers to target within an implementation intervention. This approach may prove to be a useful in other studies and as an adjunct to undertaking barrier assessments within individual sites when planning implementation interventions.
Background
Proven interventions to manage clinical conditions are often inconsistently adopted and implemented in clinical practice [1] . Clinicians often have difficulty changing their behaviour to implement best practice due to a range of barriers within and outside their control [2] . Barriers to changing practice can occur at different levels in the healthcare system i.e., at the level of the patient, healthcare professional, the healthcare organisation and the wider healthcare context [3] . Implementation studies that incorporate barrier assessment have shown to be successful in eliciting behaviour change [3] .
Barrier assessments often result in a potentially unwieldly list of factors, many of which may be perceived by clinicians to be a likely problem, but that may not actually translate into real-life barriers [4, 5] . Therefore, there is a need to develop pragmatic implementation interventions that can address those barriers that are considered the most important and feasible to overcome. This requires the prioritisation of barriers as part of the process. Prioritisation may be based on the barrier's likely or anticipated influence in preventing clinician behaviour change, or on the likely difficulty to overcoming it. Each barrier needs to also be considered from the perspective of whether it is within or outside the control of clinicians and/or health care organisation.
Consensus type methods that are often used to facilitate decision-making (such as barrier prioritisation) in health include the Delphi method and the Nominal Group Technique. However, these methods are often time-consuming in obtaining group consensus and involve large panels of individuals [6] . The application of a structured decision-support procedure for barrier prioritisation could offer a more efficient alternative to identify and target priority barriers based on group rankings, thus avoiding the need for an iterative multi-stage process.
Several stroke trials now incorporate an implementation component designed to overcome barriers associated with implementation of the clinical intervention [1, 7, 8] .
One example is the T 3 trial (Triage, Treatment and Transfer of patients with stroke in emergency departments [EDs] ) being conducted in the area of stroke. The aim of the T 3 trial is to evaluate the effectiveness of an implementation intervention within EDs on 90-day death and dependency of patients with acute stroke. This intervention consists of a number of evidence-based clinical care elements that should be implemented to ensure optimal management of acute stroke namely, appropriate triage [9] , treatment and rapid transfer [10] of patients from ED to the stroke unit. The treatment element consists of timely assessment for, and administration of, thrombolysis; [11] and the monitoring and management of temperature [9] , blood glucose levels (BGLs) [12] , and swallowing difficulties [9] . A key component of the T 3 trial was a comprehensive pre-trial assessment to identify barriers that may prevent clinicians from implementing any of the relevant clinical care elements in order to inform our intervention development. The planning stage of the T 3 trial provided an opportunity to develop such a decision-support procedure to obtain group rankings. The aim of this study was to describe the method used to identify and prioritise existing barriers associated with the individual clinical care elements of the T 3 trial intervention.
Methods
A survey was conducted using a web-based questionnaire developed using Qualtrics software (Qualtrics, Provo, UT). The participants were a purposive sample of physicians, nurses, speech pathologists and bed managers. Senior staff working at institutions known to administer thrombolysis which incorporated clinicians: (senior nurses who worked in stroke units, senior ED nurses, neurologists); and bed managers. All the clinician respondents previously were known to the researchers through professional associations. Initially, potential participants were identified by the researchers. Next, using a snowballing technique, these participants were asked to identify appropriate additional individuals for each discipline that met the inclusion criteria. Nonresponders were prompted by email three weeks after initial survey distribution. Nine evidence-based clinical care elements (targeted behaviours) were identified by the trial investigators for the triage, treatment and transfer (T 3 ) elements of the intervention (Table 1) . Potential barriers to performing each of the nine targeted behaviours were identified from a literature review and from data from our earlier complementary trial where identified barriers to implementation of three of the elements (temperature, BGLs and swallowing) in a different setting (i.e., stroke units rather than EDs) was undertaken [4] . The questionnaire consisted of a participant demographic information section and nine sections representing each of the targeted behaviours (Additional file 1). Participants were asked to complete the barriers most related to their area of clinical practice. For example, ED nurses were asked to rank barriers for all the T 3 trial targeted behaviours whilst speech pathologists ranked only the swallowing barriers (Table 1) . Participants were asked to rank barriers in relation to: i) the perceived influence of the barrier in preventing the clinical care element from occurring (influence attribute); and ii) the perceived difficulty of overcoming the barrier (difficulty attribute). The range of the ranked scales were equivalent to the number of barriers for each of the behaviours i.e., where there were six barriers, participants were asked to rank influence using a scale of 1-6 (higher rank = lower influence) and similarly for the scale of difficulty of overcoming the barrier (Table 1) . Importantly, clinicians were asked to consider all barriers in a generic sense rather than how they might be relevant to just their own clinical practice setting locally. This approach was adopted to acknowledge that barriers for some practices might previously have been successfully addressed at some sites.
Data analysis Individual rankings
Median ranks (with interquartile ranges) based on individual responses were calculated for each of the barriers. For the influence attribute, a higher median rank corresponded to a greater perceived influence. For the difficulty attribute, a higher rank corresponded to a lower perceived difficulty to overcome.
Aggregating individual rankings into group rankings
A structured process for identifying a prioritised list of alternatives used by Utley et al. [13] was adapted. For each of the nine targeted behaviours, lists of the barriers ranked by individual responders in order of preferences separately for influence and difficulty were used as inputs for a structured consensus process for identifying ranked lists of barriers for the whole group. This process treats individual responders as expert panel members and aggregates individual rank-ordered lists of barriers using a robust graph theory-based voting system implemented as a decision-support tool in Microsoft Excel. For each behaviour, two ranked lists of the barriers (relating to influence and difficulty attributes) were produced within the tool based on the opinions of all panel members. 
Interpretation of group rankings
Scatter plots were used to aid visual interpretation of the influence and difficulty for each of the barriers. Individual data points on each scatter plot represent the barriers for a given behaviour, with the influence of the barrier in question on the horizontal axis (higher value corresponding to higher influence); and difficulty of overcoming the barrier in question on the vertical axis (higher values corresponding to less difficulty). Therefore, the most desirable barrier to target (both the most influential and the least difficult one to overcome) would be graphically located at the right top corner of the scatter plot.
The barriers were classified by two researchers (LC and LEC) into one of three categories: most desirable, desirable, and least desirable barriers to target, based on the following pre-specified principles:
The barriers that are both easier to overcome and more influential than any other barrier form the set of the most desirable barriers to target and address. In addition to the most desirable barriers, there is a group of barriers that, although not being most desirable, do not have any other barriers that are both more influential and less difficult to overcome. This set of barriers are referred to as desirable barriers to target and can be visualised graphically as the set of barriers that have no other barriers that are both to the right and to the top of these barriers in the scatter plot. Finally, barriers that scored lower than other barriers on one measure (either influence or difficulty) and no better on the other measure are referred to as least desirable barriers to target.
To illustrate the application of these pre-specified principles, the behaviour 'patients remain nil by mouth until a swallow screen by non-speech pathologist (SP) or swallow assessment by SP is undertaken' is used in the results as an example. A set of desirable barriers to target and a set of least desirable barriers to target were then identified. 
Results
The total number of participants was 17, with 100% response rate. Six were doctors (emergency physicians = 3; stroke physicians = 3); six were specialist nurses (emergency nurses = 3; stroke nurse specialist = 3); two were hospital bed managers and three were speech pathologists (Table 2) .
Individual rankings
The median rankings for each of the barriers are shown in Table 3 . For each target behaviour, the barriers are listed in the table in order of influence, with the barrier ranked with the greater influence ranked first. These findings also highlight the difficulty in interpreting the two attributes separately. For example, 'lack of leadership' was ranked Fig. 1 Summary of group rankings highly in relation to influence yet also ranked highly in terms of difficulty to overcome.
Group rankings and interpretation of group rankings
Rankings were produced for each of the barriers based on the opinions of all panel members regarding influence and difficulty (Table 4) . Table 5 presents the categorisation of the barriers by least desirable to target, desirable to target, or most desirable to target and is presented graphically in Fig. 1 .
Classification of barriers: an illustration using one target behaviour Identifying the set of desirable barriers to target
Using the scatter plot relevant to the behaviour 'nil by mouth until a swallow screen is undertaken' (Fig. 2) , it becomes clear that for the following barriers; 'doctors reluctance to use formal swallowing screen'; 'clinicians believing nil by mouth (NBM) does not include oral medications'; 'swallow screening will add to nurses' responsibilities in the ED' and 'lack of standardised swallow screening tools in ED' there existed no other barriers that are both more/equally influential and less/equally difficult to address. At the same time, no conclusion could be made regarding whether one of these barriers was more desirable than the other one. For example, the barrier 'lack of standardised swallow screening tools in ED' is much less influential than the barrier 'doctors reluctance to use formal swallowing screen' , but, was simultaneously much less difficult to overcome. Finally, in this example, as there is no single barrier that was both more influential and less difficult than all other barriers, no barrier was classified as the most desirable to target.
Identifying the set of least desirable barriers to target
The barrier 'lack of communication' was as influential, but perceived as more difficult to overcome than the barrier 'lack of standardised swallow screening tools in ED' , and was, therefore, less desirable to target. The barrier 'speech pathology staff shortages delay in training nurses' was both less influential and more difficult than barrier 'clinicians believing NBM does not include oral medications' , so could not be chosen over this barrier. Both the barriers 'doctors prescribing immediate aspirin when patient NBM' and 'nurses administering aspirin before a swallow screen' are as influential as the barrier 'clinicians believing NBM does not include oral medications' , but were perceived as more difficult to overcome, Fig. 2 Nil by mouth until a swallow screen is undertaken Fig. 3 Temperature taken on arrival and were, therefore, less desirable than the barrier 'clinicians believing NBM does not include oral medications'. Thus, for any barrier from the set 'doctors prescribing immediate aspirin when patient NBM' , 'nurses administering aspirin before a swallow screen' , 'Speech pathology staff shortages delay in training nurses' , and 'lack of communication' , there were other barriers that was more desirable in at least one attribute and these barriers, therefore, formed a set of least desirable barriers to target. Overall, two of the targeted behaviours had barriers graphically located at the right top corner of the plot indicated that these barriers were the most desirable to target (i.e., both most influential and the least difficult one to overcome): for the behaviour 'temperature taken on arrival' the most desirable barrier was 'lack of fever protocols' (Fig. 3) ; and for the behaviour 'finger prick BGL on admission' the most desirable barrier was 'not enough BGL machines' (Fig. 4) . The scatter plots for the remaining target behaviours are provided in Figs. 5, 6, 7, 8, 9 and 10.
Discussion
In this study, we illustrated a novel quantitative method comprised of a structured decision-support procedure to systematically classify identified barriers in terms of how desirable each one would be to target as part of a behaviour change intervention. Not only was our data analysis model novel, the concept of using multidisciplinary clinicians and managers to consider barriers in a generic sense rather than relating them specifically to whether they were current barriers at their own individual clinical practice environment where some processes may be more or less advanced, also was novel. Further exploration mapping of how prioritisation of barriers at a generic level maps to opinions of clinicians about their local barriers would be of interest. Overall, the set of barriers prioritised for intervention by this method related predominantly to environmental and resource issues; whereas those classified as least desirable to target appeared to relate to social influences and social/professional role issues. The Theoretical Domains Framework [14] and an established coding framework previously developed by the research team were used to align the most appropriate theoretical domain for each sets of barriers best aligned to.
No one strategy is likely to overcome all barriers identified prior to implementing an intervention; it is likely that different approaches will be effective for different types of people and professional groups, and for different environments. Attempting to resolve barriers can consume limited resources, thus in order to guide the decision-making of hospitals to invest finite resources appropriately and ensure a systematic approach to planning implementation there is a need to prioritise barriers and have a system to identify the most feasible barriers to address [15, 16] , even if only in the first instance.
While it is relatively straightforward for an individual expert to produce a ranked list of barriers for a given behaviour, the task of deriving a list based on the opinions of a panel of multidisciplinary experts is difficult, particularly as different members of the panel may have markedly different views [17] . This approach has categorised the desirability of targeting barriers based on consideration of importance and difficulty as judged by a panel of multidisciplinary clinicians and managers.
Limitations
For this study the barriers pre-specified for each of the targeted behaviours were identified from the literature and a previous clinical trial [1] . If this approach were to be replicated it is important to note that the list of prespecified barriers is dependent on an existing and comprehensive evidence base. Also, the generalisability of the barrier data populating the questionnaire would be reliant on the quality of included studies and the comprehensiveness of reporting from any source. Although, the content validity of the questionnaire was not formally tested, the research team are recognised experts in this field and the questions included were considered to have face validity in measuring what was intended i.e., influence and difficulty are key attributes for the prioritisation of barriers.
The composition and size of the expert panel, as well as the variable number of members in the professional groups may have implications for how representative the findings are in terms of capturing the views of larger multidisciplinary group of clinicians and managers. In addition, we only assessed the opinions of professional groups for behaviours they were considered to have some influence over, however, it is possible that the perceptions of professionals without direct responsibility for these behaviours may be as valid as those with direct responsibility for these behaviours in terms of ability to rank barriers. Nonetheless, guidance on use of an expert panel for the purpose of identifying and prioritising barriers is sparse, and the work presented here makes an The paucity of barriers classified as most desirable to target (simultaneously greatest influence, and least difficult to change) highlights that the most influential barriers may also be those most difficult to overcome leading to a natural trade-off between these two attributes. For example, should priority be given to a barrier ranked of 'quite high' influence and 'easy' to overcome or to a barrier ranked of 'high' influence and 'quite difficult' to overcome? Therefore, one of the main limitations for this study was a lack of explicit information of how important a barrier's influence was in relation to its difficulty. Therefore, trade-off decisions between influence and difficulty could not be made for some of the clinical behaviours as part of our study. Prioritisation between these elements might best be decided by clinicians based on their own clinical settings. Future studies that measure the success of overcoming barriers and correlate this with initial perceptions of barriers prior to implementation are required to validate the utility of this approach [4] . It further would test the assumption that clinicians understand what drives their behaviours and what actions may lead to behaviour change. Data from the T 3 trial currently are being collected to enable this analysis.
Strengths
The application of this method is novel and is particularly relevant to the field of implementation science. Previous studies have identified a range of organisational and individual barriers. However, in the absence of a ranked list of prioritised barriers and details about the relative importance and influence of these barriers, previous studies do not provide sufficient detail to prioritise which barriers to target during implementation intervention development. Only two other studies were identified that had prioritised barriers using quantitative methods. One study [15] aimed to prioritise barriers for the successful implementation of hospital information systems [15] ; participants were asked to prioritise each of the items using a 5-point Likert scale ranging from "very low importance" to "very important". The other study used discrete choice experiments, a structured approach to investigating individuals' preferences, to prioritise barrier and facilitators for the implementation of a guideline for breast cancer surgery [18] .
Ascertaining these novel data about barriers has the potential to inform the development of implementation interventions and to assist in the preparation of clinical sites for organisational change. The utility of this method to prioritise barriers needs further investigation, including demonstration of the effectiveness of resultant interventions, such as the T 3 trial. Further work to extend these methods could include a comparison of findings between national clinical stroke opinion leaders and stroke clinicians (potential adopters) working at hospitals where the intervention is to be implemented. Additionally, there remains a need to identify the impact of differences between professional groups on prioritisation; for example, to ascertain if barriers prioritised by a group with more responsibility over a particular behaviour are considered more significant than from groups with less authority. This would provide further evidence on how to conduct a barrier assessment and also the process of prioritising barriers. A mixed method approach to barrier prioritisation such as conducting multidisciplinary face-to-face barrier workshops in parallel to a survey may be advantageous. This has the potential to yield richer data about areas of agreement and disagreement, and to also provide an explanation of any differences in prioritisation. Multidisciplinary team discussion would give hospital staff the opportunity to collectively devise strategies to overcome barriers. It would be also be advantageous to explore and apply alternative methods to identify a set of priority barriers such as the use of discrete choice experiments to investigate preferences [11] . It works on the assumption that decisions are based on multiple criteria and not just one factor (attributes), forcing people to make choices and trade-offs (for example "influence-vs-difficulty"). There may also be benefit in studying the relationship between different types of barriers including gaining knowledge about the consequences or unintended consequences of resolving barriers. For example, would the resolution of the desirable barrier 'lack of standardised swallow screening tools in ED' eliminate the less desirable barrier 'doctors reluctance to use formal swallowing screen'.
Conclusion
In this study, a novel, quantitative method has been illustrated and successfully applied to classify barriers that are perceived to impact on clinician behaviour according to three categories. This method could be used in future implementation trials and may prove to be a useful adjunct to use of barrier assessments at individual intervention sites to support design of implementation interventions. 
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